intramuscularly, followed in 30 minutes by a warmed solution of chloralose (60 mg./Kg.) and methane (600 mg./Kg.) intravenously.
The experimental preparation employed was u modified isolated supported heart 1 as shown in figure L The left chest of the experimental dog was opened through the fifth intercostal space under intermittent positive pressure breathing'. After opening the pericardium, the total length of the left main coronary artery was dissected free and a ligature placed under it. If the arterial segment appeared to be too small for subsequent cannulation, either the experiment was done without left coronary artery cannulation, or that clog was used for a blood donor and subsequent dogs were explored until an acceptable left main coronary artery segment was prepared. The dog was then placed in the left lateral position and n small right-sided thoructomy performed. The azygos vein was tied, and ligatures were placed loosely around the superior vena envn, inferior vena cava, and the hilum of the right lung. A bipolar electrode was sutured to the right atrial appendage. The ligatures and the wires of the pacing electrodes were passed through the mediastinum into the left chest. The dog was then returned to the right lateral position and the left chest reopened. The opening was widened by the removal of 4 to 6 ribs. Ligatures were placed loosely around the braehiocephalie and left subclavian arteries and the first 5 sets of intercostal arteries were tied. Ligatures were then placed around the left main pulmonary artery and pulmonary veins.
The femoral arteries and external jugular veins of a second dog which had been similarly anesthetized were cannulated. The trachea was also cumulated and intermittent positive pressure respiration was applied with a Jefferson ventilator so as to be able to control the pli of the arterial blood in the system. At the same time, approximately 3 liters of heparinized blood were obtained by bleeding donor dogs (under light thiopental anesthesia) for filling the reservoir system shown in figure 1 .
The isolated supported heart was established in the following manner. A large eannula was placed in the left atrium through the appendage and then connected to the blood reservoir (Res.) through an electrically operated resistance (IR) as shown in figure 1. In parallel with the electrically operated resistance there was a bypass that could be manually adjusted and rapidly opened or closed with a clamp. A Potter electroturbinometer 2 was placed either in the inflow line (Pet.), the outflow line or both. Next, the lower thoracic aorta was ligated and a eannula inserted proximally. The outflow from the aorta was then connected to the blood reservoir (Res.) through a similar, electrically operated resistance (OR) and a similarly arranged resistance bypass. A eannula previously placed in the left main pulmonary artery was then connected through a recording rotameter (TR) to the support dog's (SD) jugular veins via a reservoir (not shown). Then the previously placed ligatures around the subclavian and brachiocephalic arteries, superior and inferior venae cavae, the hilum of the right lung and left pulmonary veins were rapidly tied and the left lung removed. Lastly, the femoral arteries of the support dog were connected to the blood reservoir through an electrically operated solenoid (Sol.) which was activated by a microswitch (M) connected to a float in the blood reservoir (Res.) which thus kept the blood level constant. The temperature of the reservoir blood was held at 36, ± 0.5 C. by an external heating coil.
A Gregg coronary eannula 3 was inserted into the left main coronary artery via the left subclavian artery and tied securely in place. This was connected through a rotameter (LR) to the aortic line before the mechanical resistance (OR). A modified Dale-Schuster pump (P), which was fed from the blood reservoir line, was also connected to the coronary eannula line. By manipulation of clamps, the left common coronary artery could either be perfused by the aortic pressure head or its flow controlled by the pump (P).
All values were recorded on a multichannel, direct writing Sanborn oscillograph. Left ventricular pressure was measured through a short, wide-bore metal eannula which was inserted rculation Research, Volume VIII, September 1900 through the apical dimple and connected directly to a Statham P23Gb gage. Aortic pressure was measured through a metal cannula which was introduced through the right common carotid artery into the aortic arch and connected directly to a Statham P23Db gage. With the cannulae used, the left ventricular recording system had a frequency response flat (± 5 per cent) to 30 c.p.s. and the aortic system flat ( ± 5 per cent) to 25 c.p.s. when tested using the method described by Linden. 4 Only the pressure changes below 40 cm. H 2 O were recorded, so that the diastolic pressure could be measured more accurately and also that the rate of change in ventricular pressure was observed well before the opening of the aortic valve. Heart rate was recorded with a Waters or Gilford cardiotachometer.
Coronary arterial and venous blood were continuously monitored for changes in pH by a Beckman W glass electrode, for changes in pO 2 by a Clark polarographic electrode, 5 and for changes in arteriovenous oxygen difference by a Guyton A-V O 2 analyzer. 6 ' 7 A sample tracing of the type of data obtained is shown in figure 9 . Since intraexperimental calibrations were performed only infrequently, the A-V O 2 difference analyzer, pO 2 and pH electrodes were generally used semiquantitativly. While this limited the analysis of the data in terms of absolute values, it did permit the determination of relative changes either of individual values or when comparing one type of intervention with another in the same experiment.
In some experiments, a. Braun infusion pump was used either to maintain a constant rate of administration of norepinephine into the reservoir (Res.) in order to mimic the activity of cardiac sympathetic nerves, or to vary the norepinephrine infusion rate to study the response of the heart to load under these conditions.
Results
It will be helpful to define certain terms that will be used. The term "increase in ventricular contractility'' will be used to indicate the occurrence of a contraction which produces more external work and a more rapidly developed systole from any given end-diastole pressure and/or fiber length. The term "filling pressure" will refer to mean left atrial pressure. "L.V.E.D." will be used to abbreviate the words "left ventricular end diastolic."
Of the 28 experiments attempted, 19 were technically successful and yielded satisfactory data for analysis. Figure 2/1. shows high-speed tracings shortly before and about one minute after abruptly imposing a sustained increase in aortic resistance. Stroke volume changed only slightly, from 9.6 to 9.0 nil., and total coronary flow remained essentially the same. The left ventricle increased its stroke work from 8.2 to 15.2 Gin. meters without an increased enddiastolic pressure. It required 52 msec, to raise its pressure from end-diastolic to 40 cm. H u O while facing the low resistance and only 39 msec, to produce the same pressure increment when facing the high resistance. The middle set of tracings ( fig. 2B ) also shows a pattern of increased ventricular contractility when a high resistance to ejection was imposed. This was the most pronounced example observed. Again, in this instance, stroke volume changed little, from 11.3 to 10.6 ml. Stroke work increased from 9.5 to 16.4 Gm. meters, while coronary flow was essentially unchanged. When ejecting against the higher resistance, and while producing more stroke work, the ventricular end-diastolic pressure was 2.4 cm. lower. There Avas a more rapid development of pressure at the beginning of ventricular systole, and a shorter systolic ejection time as well as a more rapid decline of ventricular pressure after the incisura; a more ample diastolic time appeared just as when sympathetic stimulation is applied. 8 Figure 2C shows data from experiments in which an attempt was made to induce a change in contractility by altering coronary flow while keeping the resistance to ventricular ejection constant. The tracing in the left panel was obtained without pumping the coronary flow and with a screw clamp on the left coronary inflow tubing tightened so as to limit the total flow to the level shown. Without altering aortic resistance, the screw clamp on the coronary tubing was then removed; coronary flow rose to the level shown in the second panel. No change in contractility was observed. Shortly thereafter in the same experiment, the aortic resistance was lowered and the spontaneous, unrestricted coronary flow was observed (third panel). Coronary flow was then pumped (fourth panel) at tnG unrestricted flow rate which had been ODserved when aortic resistance and pressure were high. Once again, a change in ventricular contractility was not apparent. while ventricular stroke work was increased over a comparable range either by increasing stroke volume while keeping aortic systolic pressure approximately constant (solid lines) or by increasing aortic pressure while keeping stroke volume approximately constant (dashed lines). When stroke work was increased by increasing stroke volume, both end-diastolic pressure and end-diastolic segment length rose. When work was increased by increasing aortic pressure there was little rise in enddiastolic pressure and a slight decrease in end-diastolic segment length. These data indicate that the ventricular myocardium had, if anything, become slightly less extensible, not more so, and that when work was increased by increasing aortic pressure, the increased work was not taking place from a longer initial fiber length. 11 ' 12 indicating that a more tumescent myocardium is less extensible. Figure 35 shows the range over which these phenomena can occur when coronary flow is not allowed to vary appreciably as the result of changing aortic pressure. The run labelled I was conducted with mean aortic pressure held approximately constant and stroke work increased by increasing stroke volume, as indicated in the bottom 2 panels. Then, at each of 4 different stroke volumes (runs II, III, IV and V), stroke work was increased solely by increasing aortic pressure. In these runs, a substantial range of stroke work was accomplished with little increase in L.V.E.D. pressure. It was of interest to note that the larger the value at which stroke volume was held constant, the steeper was the function curve when aortic resistance was increased. Figure 3B also shows that the range over which these phenomena can be elicited does, of course, have an upper limit. Beyond this, the function curve breaks sharply to the right and a small increase in work then requires a markedly augmented end-diastolic pressure. unchanged. The rise in L.V.E.D. pressure would thus appear to be accompanied by an increased ventricular volume since, during this phase, more blood seems to be entering the heart than is leaving it. At the onset of phase 2, as L.V.E.D. pressure declines, aortic flow rises to its phase 3 plateau while inflow remains the same. At the moment when the increased aortic resistance is removed (beginning of phase 4), aortic flow is suddenly augmented while inflow remains unchanged and while L.V.E.D. pressure falls abruptly to its low point. At this time it would appear that the ventricular volume is diminishing, since more blood appears to leave the ventricle than is entering it. At the point of the onset of phase 2 an increase in contractility is occurring, since L.V.E.D. pressure and volume are falling while stroke volume, aortic pressure and external stroke work are rising. Further, at the very beginning of phase 4, when L.V.E.D. pressure is substantially lower than prior to the increase in aortic resistance, it would appear that an increase in contractility had taken place since the ventricle is putting out a substantially larger stroke volume than it did in the control period against the same aortic pressure.
Two important limitations should be noted in the interpretation of the flow records of figure 4 . First, the flow recording system used is damped, having a 1-second time constant. Second, due to the positioning of the aortic flowmeter, the "volume transients" observed relate not to the ventricle alone but to the left atrium and ventricle plus aorta. The observed transients in left coronary artery flow in figure 5 are not without interest but are not relevant to the problem under consideration.
Effect of Norepinephrine on the Ventricular Response to Increased Aortic Resistance
In any given preparation, an aortic resistance could be selected against which the ventricle was, unable to eject the same or nearly the same stroke volume without requiring an elevated L.V.E.D. pressure (see fig. SB ). resistance increase did not then require an appreciable L.V.E.D. pressure increase. Figgure 5A is also informative in that the alterations in ventricular activity brought about by increasing aortic resistance resemble those brought about by the administration of norepinephrine. A comparison of panels 1 and 2 and of panels 1 and 3 reveals certain similarities. Both the increased aortic resistance and the norepinephrine made the rise and decline of ventricular pressure steeper, shortened the total period of systole (from beginning of rise of ventricular pressure to the incisura), and shortened the period required for the systolic ejection of comparable volumes. It was further found that when a ventricle was able to meet an increased aortic resistance without increasing L.V.E.D. pressure ( fig. 5-B, left) , the subsequent administration of norepinephrine enabled it to meet the same or even a greater resistance increase from a lower L.V.E.D. pressure. Such an instance is shown in figure 5B , right. Figure  5C shows a similar phenomenon and also shows particularly clearly the accentuation of the ventricular pressure dip in early diastole that was frequently encountered when an increased aortic resistance was imposed.
Slow speed tracings of the type shown in figure 6 were also informative. It shows the same imposed aortic resistance increase with and without norepinephrine infusion in the In experiments of this type, it was found that by increasing or decreasing the norepinephrinc infusion rate, the left ventricle could be made to vary the rapidity with which it passed through phase 2 and arrived at the new equilibrium level in phase 3.
Transient Phenomena Observed When Abruptly Changing Heart Bate
The patterns of response observed after an abrupt change of heart rate without a change in aortic resistance are shown in figure 7 . Shortly after the increase in rate there is. in phase 1, a rise in L.V.E.D. pressure just as when the aortic resistance is increased..The first few beats are not only weaker than the preceding ones but also weaker than the subsequent ones, as evidenced by the aortic pressure tracing. This pattern indicates a diminished cardiac output while inflow remains constant, thus indicating that the rise in L.V.E.D. pressure is paralleled by an increase of ventricular volume. At the onset of phase 2, L.V.E.D. pressure declines while the aortic pulse is augmented briefly and a new equilibrium state is reached (phase 3) during which there is a slightly higher cardiac inflow and, presumably therefore, a higher cardiac output. At the onset of phase 4, when the heart rate is abruptly returned to its previous level, L.V.E.D. pressure drops to the lowest point in the sequence and the aortic pulse is enlarged indicating a larger output while inflow remains unchanged thus indicating that the lowering of L.V.E.D. pressure was paralleled by a decrease in ventricular volume. Thereafter in phase 4, each of the values gradually returns to the level obtained prior to the heart rate increase as the intervention becomes more remote with respect to time. During the initial portion of phase 2 it is clear from the falling L.V.E.D. pressure and the wider aortic pulse that an increase in contractility is taking place. It is also clear, from the lower L.V.E.D. pressure (relative to the control period) at the onset of phase 4, that an increase in contractility had taken place during the period of increased heart rate.
Frequently, the L.V.E.D. pressure did not return to or below its initial level during the interval when heart rate was increased. However, the stigmata of an increasing contractility (the decline of L.V.E.D. pressure during pliase 2) and of an increased contractility (L.V.E.D. pressure lower than control value at beginning of phase 4) were always observed when a period of relative tachycardia was imposed. Further, the changes observed were a function of the extent of the increase in heart rate imposed. This is shown in figure  10 , an experiment in which the heart rate was increased 10, 20, 30, 40, 50, and 60 beats per minute from a control level of 128 beats per minute. It was observed that the greater the heart rate change, the larger were the changes observed during phases 2 and 4. Tt was also found that, with coronary flow held constant, the greater the change in rate, the greater was the widening of the coronary A-V O 2 difference. Figure IB shows the change in developed tension resulting from changing the stimulus rate in a preparation consisting of a strip of rat right ventricle in oxygenated Krebs solution. An increase in contractility was indicated by a greater downward deflection ; resting tension did not change. In the tracing shown in figure IB the rate was changed from 30 to 60 (left), 30 to 90 (middle), and 30 to 108 (right) per minute; in each instance the rate was then promptly returned to 30 per minute. The pattern of changes observed in figure 1A and B are similar in that an increased contractility had been induced in both by an increased rate. Figure IB 
Observations in Isolated Heart Muscle

Figure 8
Aortic resistance increased and cardiac inflow decreased by phases 2 and 3 and the initial portion of phase 4.
Transients Observed When Abruptly Changing Cardiac Inflow
By releasing a low resistance bypass in the line connecting the reservoir with the left atrium (see fig. 1 ), cardiac inflow was abruptly increased without changing either aortic resistance, heart rate or coronary flow. Two examples of this type of experiment are shown in C and E of figure 4, loioer.
Transients Observed When Simultaneously Decreasing Flow and Increasing Aortic Resistance
In the type of experiment shown in figure  8 , pressure was abruptly increased and flow decreased so that a fall in stroke work occurred, in this instance from 18.9 to 13.8 Gin. meters. Coronary flow rose and arteriovenous 0 2 difference narrowed resulting in an increased O2 consumption even though stroke work fell as in similar experiments reported previously. 13 The phase 1 transient and the initial beats of the phase 4 transient are of no value in such an experiment, since a variable effect on these could be obtained depending upon the point in the cardiac cycle when the changes were made and the extent to which they were simultaneous. The findings in phase 2 and most of phase 4 are, however, informative. The continuing decline in L.V.E.D. pressure during phase 2 indicates an increasing ventricular contractility for an appreciable period after the new, lower stroke work level had been achieved. The continuing rise in L.V.E.D. pressure after removing the imposed intervention indicates the reversal of the change in contractility that had taken place.
Changes in Coronary Arterial and Venous pH, pO 3 and A-V O 3 Difference
These results may be summarized as follows: (1) when aortic resistance, cardiac output and heart rate were held constant but coronary flow was varied markedly, the results were as shown in figure 9 ; (2) when aortic resistance was increased and coronary flow allowed to increase, pH showed no change, venous pO 2 increased, and the A-V O 2 difference narrowed; (3) when aortic resistance was increased and left coronary inflow kept constant by pumping, venous pH showed no change, venous pO 2 decreased, and the A-V O2 difference widened; (4) when heart rate was increased and left coronary inflow kept constant, pH showed no change, venous pO 2 decreased, and A-V O2 difference widened (see figure 70) .
Discussion
In 1912, Anrep observed that when aortic resistance was elevated in the heart-lung preparation, ventricular volume at first increased then subsequently declined. An influence appeared to him to be operating, soon after the initial dilatation, which increased myocardial contractility and thus caused the heart to return towards its initial volume. He stated that when adrenalin had been given previously, ventricular volume returned to its control value during the period of increased aortic resistance, presumably while the ventricle was ejecting comparable stroke volumes and doing more stroke work.
14 ' 15 Starling, in whose laboratory Anrep's experiments were performed, made similar observations and attributed these phenomena to the presumed improvement in myocardial metabolism which accompanies the increase in coronary flow when the aortic pressure is elevated.
10
" 18 Any apprehension concerning the possibility that the hazards of biventricular oncometry were operating was dispelled by the observations made in the tortoise heart by Kosawa 19 Peserico 20 and Stella. 21 In 1956, Stainsby et al. 22 presented data obtained from the isolated supported canine heart preparation as well as from nonisolated hearts ; 23 they showed that when the ventricle was faced with a higher resistance it produced more external stroke work from any given filling pressure than when the increase in work was induced by increasing stroke volume. Further, with stroke volume held constant at each of several different levels, when the aortic resistance and pressure were then elevated, the ventricle could produce substantial increases of external stroke work with little increase in filling pressure. These data in the canine heart were consonant with the findings of Kosawa, Peserico and Stella in the tortoise and confirm the observations on the dog heart, made by Miiller. 24 The latter examined the response of the heart to an increased aortic pressure both in the intact heart and isolated left ventricle and concluded that 2 processes were operative: The first was active immediately demanding an increase in the heart volume and utilizing elastic forces; the second occurred within 1 to 2 minutes, and enabled the heart to work against the same high presCircvXation Research, Volume Vlll, September 1900 sure with a smaller volume, demonstrating a marked positive inotropic effect. Miiller also correlated the development of the second process with the rate of rise of the imposed pressure increase. 24 Numerous problems of fundamental interest and importance devolve from these findings. A major observation was made by Rosenblueth, Alanis, Lopez and Rubio. 20 These investigators studied the right ventricle of the isolated dog heart while keeping coronary perfusion (aortic) pressure constant and while observing changes in the combined volume of both ventricles by oncometry. They stated that when the resistance to right ventricular ejection was increased, the combined ventricular volume first increased but then declined while the right ventricle ejected a comparable stroke volume against the higher pressure. Although it was apparently not possible in their experiments to ascertain what changes in coronary flow actually took place during the transition from one state to another, their findings nevertheless indicated that an increase in coronary perfusion pressure is not a necessary concomitant of the increase in myocardial contractility observed when the resistance to right ventricular ejection is elevated. The data presented in this paper support this position and establish that homeometric autoregulation in the left ventricle can occur even when coronary flow to the left ventricle is controlled.* Observations on the right ventricle, studied under less well controlled conditions, were also made by Taquini, Fermoso, and Aramendia. 27 *One cannot help wondering how Anrep ultimately viewed this matter; in his Lane Medical Lectures in 1936 he neither supported nor refuted Starling's "coronary flow" explanation. 15 That he entertained this explanation as a serious possibility is indicated by his remarks about the experiments of Magrath and Kennedy. He said, " I n their experiments, howover, the increase in the strength of contraction was produced not by an increase in the diastolic length of fibres, but by a rise in the coronary perfusion pressure which, of itself, would be sufiicient to produce the effect." 
Type of Increased Activity Which Induces Homeometric Autoregulation
The data presented above, when taken in conjunction with the studies cited, indicate that an increase in activity increases contractility, i.e., a few beats after ventricular activity is increased, a larger amount of stroke work will be performed and there will be a more rapid development of ventricular pressure from any L.V.E.D. pressure or fiber length.
Rosenblueth et al. 26 have also stressed '' the influence of previous activity'' on the contractility of the right ventricle. They state, "We suggest that whenever the work of the heart increases, this increment determines a further increase in the subsequent contractions and this influence is important enough to overcome that of the initial volume or length," and, "Any increase of work augments the amplitude of the following contractions." It was, however, shown in our experiments that the homeometrie inflence on the contractility of the ventricle was related to the manner in which its activity was increased rather than the increase in work, per se. In the first 3 panels of figure 4 , lower, work was increased 100, 110, and 145 per cent respectively, the first 2 increases being accomplished by elevating aortic pressure and in the third primarily by increasing flow with only a slight elevation in pressure. The exhibition of homeometric autoregulation was clearly more pronounced in the first 2. In the latter 2 panels of figure 4 , lower, later in the same experiment, work was increased 130 per cent by elevating aortic pressure (fourth panel) and 86 per cent predominantly by increasing flow (fifth panel). Again, the homeometric effect was more pronounced when pressure was increased than when flow increased. Further, it was possible to induce homeometric antoregulation in the heart even when work was decreased, as shown in figure 8 .
Aii analysis of the heniodynamie variables which influence the oxygen consumption of the heart revealed that the variable which most closely correlates with myoeardial qQ- 2 is not the work of the heart but rather the amount of tension developed by the myocardium, as indicated by the area under the systolic portion of the pressure curve per minute. 18 In those studies, an increase of aortic pressure or heart rate required the heart to produce a large increase in the total tension developed per minute. A greater relative increase in stroke volume, with mean aortic pressure and heart rate held constant, resulted in a smaller augmentation of the total tension developed. As shown above, increases of rate or aortic pressure produced the exhibition of a marked homeometric influence while with the augmentation of stroke volume this was relatively less well developed. It would appear that the amount of tension developed by the myocardium per unit of time is most like'y to be the factor which elicits homeometric autoregulation.
Bowditch Effect
Bowditch, in 1871, described phenomena in the frog heart which he referred to as "treppe" or staircase.
1 "' Shortly after the onset of stimulation, the heart exhibited successively stronger contractions with each succeeding stimulus until, several beats later, a pleateau was reached; subsequent increases in rate produced the same effect. A common variant of the Bowditch staircase is shown in figure IB ; in the few beats after the change of rate in the isolated rat ventricle strip, an increase in contractility became apparent, i.e., a stronger contraction from the same initial tension. The greater the rate change imposed, the greater the increase in contractility became apparent, i.e., a stronger contraction from the same initial tension. The greater the rate change imposed, the greater was the increase in contractility at the new rate and the stronger were the first few contractions after the return to the control rate. The similarity between the patterns observed in figure IB with those observed in figures 7A and G support the view, as indicated by Rosenblueth et al., 30 that the Bowditch staircase effect is operative in the adequately supported canine heart. Bowditch put forward the idea that each contraction leaves behind it a more favorable state for the ensuing contraction and thus, the higher the rate, the more favorable is the condition for contracting. The available evidence relating to the biochemical mechanism by which this takes place can be found in the recent review of Hajdu and Leonard, 81 indicating that potassium leaves the myoeardial cell with each contraction and re-enters it in the interval between contractions. Thus, the higher the rate the less would be the opportunity for re-entry of potassium relative to efflux and the lower the intracellular potassium in the new equilibrium state, a condition known to increase contractility.
81
A marked similarity is to be noted between the hemodynamic pattern elicited when activity is increased either by increasing heart fig. 4,  upper) . In both, phase 2 shows that an increase in contractility is taking place soon after the beginning of the intervention; in both, phase 4 shows that an increased contractility has occurred during the intervention. This similarity of patterns suggests that changes in intracellular ionic concentration may take place as a result of the change in the character of the contractions as well as by the length of the interval between them. This view presupposes that a more forceful contraction can either increase ionic efflux during the contraction or, perhaps less likely, so predispose the membrane as to alter net ionic flux in any given time interval between contractions. In any case it now seems clear that, over a wide range, an increase in the amount of tension developed by ventricular myocardium can produce a biochemical rearrangement which leaves behind it a more favorable condition for subsequent contractions, and that this phenomenon is not dependent upon an increased coronary flow.
Influence of Norepinephrine
Our findings on the effect of norepinephrine confirm those of Anrep 14 but are not in agreement with those of Rosenblueth et al. 2c in that the level of catechol amine present appeared to be of considerable importance to the exhibition of homeometric autoregulation by the ventricle. First, in some instances a heart which was in relatively poor condition, as indicated by its L.V.E.D. pressure, would show little or sometimes no apparent homeometric autoregulation. When norepinephrine was infused a vigorous response could then be obtained. Secondly, the higher the level of circulating norepinephrine, the greater was the increased resistance against which the ventricle could eject a comparable stroke volume without an elevated encl-diastolic pressure ( fig. 5) . Lastly, norepinephrine influenced the myocardium in a manner such that it could respond to a sudden increase in pressure not only more adequately but also more rapidly ( fig. 6 ). Such findings are consonant with the observation that norepinephrine shifts the ventricular function curve to the Circulation Research, Volume VIII, September I960 left and makes it steeper. 32 The data also invite consideration of the possibility that increased ventricular activity either increases the locally available myocardial norepinephrine or facilitates its utilization and thus it participates in the process of homeometric autoregulation.
Significance of Homeometric Autoregulation
Whatever the mechanism or mechanisms by which homeometric autoregulation is accomplished, the resulting increase in contractility has 2 important consequences. The first is that it permits the ventricle beating at any given rate to eject the same stroke volume against a wide range of resistances without requiring an increased L.V.E.D. pressure or fiber length. Thus, over certain ranges it acts in such a manner as to conserve heterometric autoregulation for changes in stroke volume ( fig. 3B) . Secondly, the increase in contractility, especially that aspect of it which is exhibited as a more rapidly developed ventricular pressure, shortens the proportion of the total cardiac cycle that systole would otherwise require. This is a particular advantage when heart rate is increased since, if such a phenomenon did not occur, the diastolic interval would be so constrained that ventricular relaxation would be incomplete before the next systole, 8 ventricular filling impaired and coronary flow limited. In this connection, it was of particular interest to note that, not infrequently, when the heart rate was suddenly increased markedly, pulsus alternans ( fig. 7 A) appeared in the first few seconds but soon disappeared as the increase in contractility became manifest.
There was no discernible qualitative difference in any of the hemodynamic changes observed when contractility was increased either by increasing activity or by sympathetic stimulation. Both the intrinsic and extrinsic influences interrelate in such a manner as to be appropriate to changing circulatory conditions. 25 - 32 To disregard either will diminish the likelihood of making the best estimate of what is actually taking place in the normal organism.
Summary
The effect of increasing the activity of the ventricle on its contractility was investigated. Several beats after the ventricle increases the amount of tension it develops per unit of time, it exhibits an increased contractility as shown by the increase in work and the more rapid development of pressure from a given enddiastolic pressure or fiber length. This has been termed homeometric autoregulation in contradistinction to the Frank-Starling or heterometric type of autoregulation. It was found that changes in coronary flow are not essential to the exhibition of this phenomenon. Possible mechanisms and the physiologic significance of the findings are discussed.
Summario in Interlingua
Esseva investigate le effecto exercite super le contractibilitate del ventriculo per le augmento de su activitate. Plure pulsos post que le ventriculo augmenta le quantitate de tension que illo disveloppa per unitate de tempore, illo exliibi un augmentate contractibilitate, manifeste in un augmento de travalio e in un plus rapide disveloppamento de pression ab un date pression termino-diastolic o longor de fibra. Iste phenomeno ha essite appellate autoregulation homeometric, per contrasto con le autoregulation de Frank-Starling, que es un autoregulation del typo heterometric. II esseva constatate que cambiamentos in le fluxo coronari non es essential al exhibition de iste phenomeno. Es discutite possibile meehanismos e le signification physiologic del reportate constatationes.
